The purpose of this study was to characterize the incidence and diagnostic features of amyloidosis and other diseases found at necropsy in captive trumpeter swans (Cygnus buccinator). A search
In the early 20th century, the trumpeter swan (Cygnus buccinator) population in the contiguous United States was nearly decimated because of hunting and loss of habitat that reduced the total estimated numbers to less than 100 birds. In recent decades, trumpeter swan numbers have successfully increased, in part, as a result of conservation efforts that place captive (flight restricted) breeding pairs in protected habitats and restored wetlands (http://www.iowadnr. com/wildlife/files/swanrestor.html). The breeding programs of these captive birds and their offspring in protective habitats have used diagnostic necropsy as part of their management and thus increased the number of trumpeter swan cases presented for diagnostic necropsy. Diagnosticians need to be aware of relevant diseases and conditions that may affect these birds; however, disease survey studies of captive trumpeter swans in the United States using diagnostic necropsy are lacking. Amyloidosis is a pathological condition commonly seen in many Anseriformes (ducks, geese, swans), and previous study suggests amyloid deposition may vary among swan species. 14 However, little is known concerning amyloid deposition and other diseases in captive trumpeter swans of the midwestern United States. The purpose of this study was to characterize amyloidosis and other disease processes found in trumpeter swans at diagnostic necropsy.
A search of the necropsy cases (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) from captive trumpeter swans. The choice of collected tissues and diagnostic tests for each case were at the discretion of the primary pathologist on duty. Typical tissues collected during necropsy included brain, trachea, lung or air sac (or both), heart, spleen, liver, thyroid, crop, adrenal, pancreas, small intestine, cecum, kidney, ventriculus, proventriculus, striated muscle, skin, and ovary or testis. The pool of case accessions was captive breeding pairs or their offspring that were often submitted by the Iowa Department of Natural Resources for diagnostic necropsy. Cases in which the cause of death was obvious (e.g., gunshot) were not submitted to Iowa State University. The month of necropsy accession, sex, etiologic disease(s), lesions lacking etiologic diagnosis, amyloid tissue distribution, and age are compiled in Table 1 .
Microscopically, diagnosis of amyloid deposition was made by identifying the characteristic eosinophilic amorphous to fibrillar material that separated and effaced normal tissue. Application of Congo red stain to amyloid produced deep orange staining that had apple-green appearance under polarized light. Because normal collagen, especially in large vessels, can produce similar Congo red staining and appearance under polarized light, the diagnosis of amyloid was made based on both hematoxylin and eosin morphology and Congo red staining. 10, 13 Amyloid deposition was found in 11 of 31 (35%) of the trumpeter swans. The amyloid-positive tissue distribution included spleen (8 of 11), liver (7 of 11), kidney (6 of 11), pancreas (2 of 11), and adrenal gland (2 of 11). Hepatic amyloid deposition was identified in Disse space along with vascular (tunica media and adventitia) and perivascular spaces. Within the spleen, amyloid accumulated in the subcapsular space along with perivascular aggregates in the white pulp and in lesser amount in the red pulp. In the kidneys, the amyloid was found in glomeruli, interstitium, and peri- vascular locations. When affected, the adrenal gland contained marked accumulations of amyloid in the interstitium near the basement membrane of medullary and cortical cords. Pancreatic amyloid was found predominantly in the periacinar interstitium, with small amounts of perivascular accumulation resulting in adjacent acinar atrophy. Amyloid was not found in the digestive tract. Amyloid deposition in the various tissues was frequently accompanied by adjacent cellular degeneration and necrosis and in severe cases effaced most of the normal tissue. A survey of additional disease diagnoses found at necropsy included aspergillosis (5 of 31, 16%); bacterial infection (5 of 31, 16%); lead toxicosis (3 of 31, 10%); gout (2 of 31, 6%); parasitic infection (2 of 31, 6%); vitamin E deficiency (1 of 31, 3%); trauma (1 of 31, 3%); and ventricular foreign body (1 of 31, 3%). Cases with no definite etiologic diagnosis comprised 9 of 31, 29%, of the cases. In cases lacking definitive etiologic diagnosis, corresponding lesions included cachexia (5 of 9), pulmonary hemorrhage (1 of 9), and ven-tricular ulceration (1 of 9). The incidence of trumpeter swan case submissions was highest in January and February, with modest numbers through May and a brief elevation in September.
Amyloidosis encompasses a group of diseases characterized by the abnormal accumulation of amyloid proteins organized in ␤-pleated sheets in various tissues. In birds, most amyloidosis cases consist of reactive systemic amyloidosis and increased production of serum amyloid A protein (SAA), a normal acute-phase reactant protein involved in the transport of cholesterol and prevention of tissue damage. 10 Under certain conditions, such as chronic inflammatory diseases, SAA is incompletely degraded and accumulates in the form of insoluble AA proteins within a variety of organs thereby interfering with normal function. Members of the order Anseriformes (ducks, geese, and swans) have an increased susceptibility to amyloid deposition, and potential risk factors include chronic infection, enteric parasitism, aging, and social stresses. 2, 10, 16 In this study, amyloidosis was the most frequent disease process (11 of 31) found in the trumpeter swans, with tissue distribution most prevalent in the spleen, liver, and kidney followed by the pancreas and adrenal gland. The incidence of amyloidosis (35%) found in this study for trumpeter swans is slightly less than the 48% found in the previous group study of other swan species including C. olor, C. atratus, C. melanocoryphus, and C. columbianus. 14 In many cases, amyloid deposition was often associated with another inflammatory process (Table 1) . Social stress in territorial birds such as swans has been incriminated as a predisposing factor for amyloid deposition and may play a role in some of the amyloidosis cases without accompanying nidus of inflammation. 4 Interestingly, all the swans with amyloid deposition were mature birds (Ͼ20 months), and the relative incidence of amyloidosis was highest in February and March. In addition to amyloidosis, several other diseases were identified in the captive trumpeter swans including aspergillosis, bacterial infection, lead toxicosis, gout, parasitism, ventricular foreign body, and trauma.
Aspergillus fumigatus is the most common cause of aspergillosis in waterfowl. Waterfowl typically become infected through inhalation of Aspergillus spp. spores found in moldy or decaying organic matter. 9 Infection of the respiratory system (lungs and air sacs) produces granulomas containing characteristic intralesional branching septate hyphae having parallel walls. Systemic spread is possible. In this study, aspergillosis was the second most common disease diagnosis (5 of 31 birds). Species isolated included A. fumigatus and A. flavus. Granulomatous lesions were found in the lung and air sacs of most affected swans. In 1 instance, the swan (No. 9) had acute pulmonary hemorrhage caused by vasculitis with intralesional fungal elements. Special stains such as Gomori methenamine silver and periodic acid-Schiff were useful to better observe the organism in section.
Bacterial septicemia and infection due to Escherichia coli, Streptococcus spp., and Pasteurella spp. have been reported in a previous survey of mortality-related disease in captive Anseriformes. 7, 16 In this study, bacterial infection attributable to E. coli, Pasteurella multocida, Staphylococcus spp., or Streptococcus spp. was found in 5 swans. In addition to septicemia cases, E. coli air sacculitis and Staphylococcal omphalitis were found. Of interest was the isolation of P. multocida from a septic swan; P. multocida is the causative agent of fowl cholera and has been reported to cause epizootic mortality in waterfowl. 5 Lead toxicosis is a common problem in waterfowl from exposure to illegal shooting (embedded lead gunshot) and foraging of lead gunshot and fishing weights from the bottom of ponds. When compared with other waterfowl, swans may be more prone to lead toxicosis because their foraging habits include a significant portion of pond sediment where lead shot or fishing products reside. In addition, lead levels for swans that produce clinical signs and death may be lower than for other waterfowl. 1 Gross lesions of acute lead toxicosis are generally lacking, but for chronic lead toxicosis, potential lesions include pale myocardial streaking, emaciation, weakness, impaction of the proximal gastrointestinal tract, cephalic edema, hydropericardium, and evidence of lead exposure. 11, 12 Microscopically, necrosis, hemosiderosis, or fibrinoid necrosis of vessels may be present in the kidney, liver, and other organs. Acid-fast intranuclear inclusions may occasionally be demonstrated in the renal tubular epithelium or liver. In this study, diagnosis of lead toxicosis was consistently made by gross lesions (esophageal, proventriculus, or gizzard impaction) and demonstration of Ͼ6 ppm lead in liver (wet weight [ww]). 9 Intranuclear acid-fast inclusions were not demonstrable in any of the tissues of affected birds and may not be a useful diagnostic tool for lead toxicosis in trumpeter swans.
Gout is an accumulation of the purine metabolite uric acid and is generally categorized as articular or visceral gout. Uric acid is excreted by the kidney; impaired renal function (renal disease or dehydration) can cause hyperuricemia and lead to deposition in tissues. Grossly, these deposits can appear as white to yellow chalk-like streaks similar in appearance to mineralization. During fixation, the urates are removed, leaving microscopic, needle-shaped, and amorphous spaces surrounded by eosinophilic matrix. Occasionally, cellular necrosis and heterophilic inflammation are seen in the adjacent tissue. 15 Two trumpeter swans in this study had visceral gout, and both had evidence of chronic renal disease characterized by severe renal fibrosis. The cause of the renal fibrosis was not determined.
Parasitism in trumpeter swans may be a cause of primary clinical disease or be subclinical and an incidental finding at necropsy. Two of the trumpeter swans were diagnosed with parasitic infestation caused by schistosomiasis and coccidia, respectively. Schistosomiasis is infection by intravascular trematodes belonging to the family Schistosomatidae. 6 Larval forms invade the skin of waterfowl during swimming, and on maturation, eggs that are laid in the blood stream lodge as emboli, pass through the vessel wall and interstitial tissues, and are extruded through the enteric mucosa into the gut lumen. The adult flukes in vessels and the granulomas surrounding egg emboli are readily seen microscopically. Although the inflammatory response is usually minimal against the adults and migrating larval forms, eggs elicit severe granulomatous inflammation while plugging small veins or slowly migrating through tissues. In swan No. 30, the chronic intestinal inflammation localized on the Schistosome eggs likely contributed to the severe hepatic amyloidosis. No lesions were observed in the brain. Renal coccidiosis (Eimeria spp.) is relatively common in Anseriformes, usually as a subclinical, locally extensive infection. 17 In young birds, the infection can be more severe, with swollen, pale, and mottled kidneys that microscopically have tubular destruction with severe interstitial cellular (lymphocytes, plasma cells, and heterophils) infiltrates. Microscopic diagnosis is readily made because gametocytes are observed in the tubular epithelium and oocytes in the tubular lumen. In swan No. 9, the presence of the coccida was likely an incidental finding in light of the active aspergillosis.
Vitamin E in its alcohol form is an effective scavenger of free radicals and an antioxidant. Avian vitamin E deficiency has several clinical manifestations including encephalomalacia, exudative diathesis, and degenerative myopathy of pectoral muscles, heart, or gizzard. 8 In swan No. 1, the heart had multifocal myocardial hemorrhage with moderate hydropericardium; in addition, there was subcutaneous edema of the legs. Microscopic examination of the heart showed multifocal degenerative to necrotic myofibers with adjacent hemorrhage. No lesions were observed in the brain. Hepatic vitamin E concentration was 1.2 ppm (wet weight [ww]) and was deemed to be deficient based on cardiac lesions and extrapolation of the normal in-house range of vitamin E values for ducks (4-25 ppm).
Trauma and gastrointestinal foreign bodies (fishhooks, wire, fishing line, gun shot, etc.) are often incidental findings at necropsy, but their presence may be associated with mortality. 7, 12 In swan No. 12, blunt force trauma to the head was diagnosed on the basis of unilateral hemorrhage in the subcutaneous tissue, retrobulbar space, nasal sinus, and brain. The strong territorial nature of swans may enhance the incidence of aggressive interaction with humans and animals compared with other Anseriformes. Swan No. 6 had severe emaciation and a fishhook was found in the gizzard that had penetrated the mucosa. The penetrating foreign body did not completely perforate the gizzard and so peritonitis was lacking. The embedded hook was speculated to contribute, in part, to the emaciation of this bird.
In this study, 10 of the 31 cases had no etiologic diagnosis given at necropsy, a finding that is consistent with previous studies on Anseriformes. 1, 9 An etiological disease diagnosis for these cases was not reached after histopathological, toxicological, and microbiological assessments. The most common gross lesion in these cases was emaciation, a very common but nonspecific finding in morbid Anseriformes.
The trumpeter swan case accessions for diagnostic necropsy were highest during January and February with some decrease through May. The harsh Iowa winters may exacerbate manifestation of underlying disease in weaker birds; this appears to be true with cases of amyloidosis, which were most often seen from February to March. A previous study showed a biphasic increase in European swan mortality during spring and the fall, and these were attributable to the elevations in energy demands associated with breeding and feather regrowth near molting, respectively. 3 This may help partially explain the number of submissions in April-May and in September.
In conclusion, this work provides a novel reference concerning the incidence and diagnostic features of amyloidosis and other diseases in captive trumpeter swans from breeding programs in the midwestern United States.
